Background: Bidimensional radiographic methods, including periapical, occlusal, panoramic, and cephalometric radiographs, are widely used in dentistry. However, the superimposition of adjacent structures and consequent loss of anatomic details may occur. Objectives: The purpose of this study is to evaluate the artifacts produced by different cements with different densities using conebeam computed tomography (CBCT). Materials and Methods: Samples of five cements with different densities including glass ionomers (or GI, from ChemFil Rock and Fuji IX), mineral trioxide aggregates (MTA), zinc oxide eugenol (ZOE), TempBond and a control sample (polyester) were scanned by
Background
Bidimensional radiographic methods, including periapical, occlusal, panoramic and cephalometric radiographs, are widely used in dentistry (1) . However, the superimposition of adjacent structures and consequent loss of anatomic details may occur (1) . To overcome these disadvantages, computed tomography (CT), has been employed in dentistry for the diagnosis of soft and hard tissue lesions since 1978 (2) . By this method, more precise quantitative and qualitative evaluation of adjacent structures is possible. However, application of CT scan in dental procedures has some disadvantages, including high costs, large equipment size, image artifacts and high radiation doses (3, 4) . Since 1990, the development of cone-beam computed tomography (CBCT) has become a very important alternative diagnostic tool for overcoming these drawbacks (1, 2) . CBCT is now used for treatment planning in endodontic surgery, airway assessment, orthodontics, and evaluation of pathological lesions to provide three-dimensional images (2) . It is a less complex device that produces images with satisfactory resolution, with low artifact incidence and a lower dose of radiation (5) (6) (7) . Several studies have shown that CBCT provides precise linear measurements of dentomaxillofacial structures (8, 9) . Artifacts are known as image quality degradation factors in both CT and CBCT scanning (4) . Artifacts are caused by abrupt transitions between low and high-density materials, which result in data values that exceed the dynamic range of the processing electronics (10) . Since metallic objects in a human body have much higher attenuation coefficients than that of soft tissue and produce annoying artifacts such as streak and shade artifacts (3, 7) , artifact reduction has been a problem in cone-beam CT imaging. These artifacts significantly degrade the visual quality of the images, and they distort the images of skeletal structures close to metallic objects. The two main sources of metal artifacts are photon starvation and beam hardening. Many studies have evaluated the artifacts induced by metals in CBCT imaging systems (10) (11) (12) . Gray level is a calibrated sequence of gray tones, ranging from black to white. These are the digital numbers of each of the pixel units that together make up a remotely sensed frame (13) . Some arbitrariness in values exists, particularly when related to the X-ray beam hardening effect, scattered radiation, changes in the volume of the field of view (FOV), and the exposure conditions (KVP and mA) (14) . Several methods have explored to reduce metal artifacts in CBCT imaging (15) (16) (17) (18) .
Objectives
Knowledge of the ingredients in dental materials will help manufacturers to produce materials that induce fewer artifacts in CBCT imaging and maintain favorable physical properties. There have been few studies aimed at evaluating the artifacts induced by endodontic and restorative materials in CBCT imaging. Therefore, the purpose of the present study is to evaluate the gray scale value of selected dental materials in CBCT scanning.
Materials and Methods

Specimen Preparation
In this descriptive-analytic study, holes measuring 3 mm in diameter and 2 mm in height were fabricated in polyester molds (n = 1). GI ChemFil Rock Dentsply (Konstanz, Germany), ZOE (S.S. White Dental manufacturing Co., Philadelphia), MTA ProRoot Dentsply (Konstanz, Germany), GI (GC, Fuji IX, GC Europe N.V, Leuven, Belgium) and TempBond (Kerr manufacturing Co., Detroit, Michigan) were prepared according to the manufacturers' instructions and placed in molds. Additionally, a polyester mold without material served as a control sample. The components, and information about the materials, are listed in Table 1 .
Scanning Procedure
Specimens were scanned using the NewTom VGI (AFP imaging company, 2010) CBCT scanner. The CBCT scanner was operated at mA = 4, kVp = 110, with FOV 8 × 8 cm. The acquired data were reconstructed with 2 mm axial slice thickness. An example of CBCT image is shown in figure 1.
Image Analysis
The images, in DICOM format, were imported into the OnDemand 3D application. Using tools in the software, a circular region of interest (ROI) 1 cm in diameter was chosen. In the next step, the gray scale value of the ROI was measured at three locations, 1, 2 and 4 mm from the outline of the dental material, which were 2.5, 3.5 and 5.5 mm away from the center of the sample, respectively, and in four directions (a, b, c and d). This is demonstrated in schematic view in Figure 2 . The GSV was measured in a series of four Figures 3 and 4) . Two oral radiologists served as observers. The revision was done randomly by the expert one to eliminate observer error.
Statistical Analysis
The collected data were entered in statistical package for the social sciences version 16 (SPSS Inc., Chicago, Illinois). Mean, standard deviation, minimum and maximum were descriptive data which were used for artifact measurement. The values of the GSVs of the materials were subtracted from the values of the control material at all three locations and in all four directions in order to achieve the ∆GSV. Descriptive statistical analysis was performed on the ∆GSV for each of the dental materials.
Results
The ∆GSV for TempBond was in average 410 and was more than the other tested materials. The second greatest delta was ZOE, with an average of 395.25, followed by MTA, with an average of 281.5. The glass ionomers had the Table 2 . 
Discussion
In the present study, we used the NewTom VGI 2010 CBCT system and the OnDemand3D application software for determination of GSV of different materials. The longterm use of different restorative materials in dentistry necessitates evaluation of artifacts produced in the oral cavity by three-dimensional systems. A number of studies have evaluated the artifacts in CBCT imaging, their description, causes and reduction algorithms (12, 15, 18) , but a little has been done on various dental materials. Chindasombatjareon et al. evaluated the metallic artifacts produced by cubes of titanium in CT and CBCT (19) . Esmaeili et al. performed a study on artifacts produced by titanium dental implants in various imaging systems with different kVp selection parameters. They concluded that the difference in artifact production can be attributed to the difference in the amount of X-ray penetration, and that higher values of kVp result in fewer artifacts being observed (4). In our study, we evaluated artifacts induced by different dental materials with different densities using the same scanning parameters. The difference in the amount of X-ray absorption in different materials depending on their atomic number and densities led to different amounts of induced artifacts. Our results were in accordance with the Chindasombatjareon and Esmaeili studies. In the current study, materials with higher atomic number, such as zinc and calcium, resulted in many more artifacts than materials with lower atomic number, such as hydrogen. This was in agreement with the result of Zhang[U+02BC]s study. They observed more artifacts produced by silver points in comparison with gutta-percha, due to its higher atomic number (20) . We also concluded that the materials with higher 4
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atomic numbers lead to more beam-hardening artifacts. Kuusisto et al. assessed the amount of beam-hardening artifacts in titanium and zirconium implants and resinBaAlSiO2 simulated implants under CBCT scanning. They utilized the ImageJ software application for analyzing gray values. They observed strong artifact production in CBCT images from titanium and zirconium, and composite materials which consisted of at least 20% BaAlSiO2. The intensity of artifacts increased as the radio-opacity of the composite material increased (21) . The samples used in this study had the same geometric shapes and dimensions, thus, differences in the amount of artifacts due to the difference in structural elements eliminated. Draenert et al. evaluated the amounts of artifacts in three plans of reconstructions. The observations were all done in axial, coronal and three-dimensional reformatted images. The ability to demonstrate the intensity of the artifact was the same. Additionally, they concluded that increasing the distance from the center of the FOV resulted in an increase in radial-shaped artifact production (22) . The present results showed radial-shaped artifacts due to the round shape of samples.
Conclusion
From the results described above, we determined that TempBond had the highest amount of artifact production, in comparison with four other base materials, due to its density and atomic number. Fuji IX glass ionomer showed the lowest amount of the beam hardening artifact. Thus, using the material with lower density and atomic number leads to less X-ray absorption and fewer artifacts in the final images. The small number of samples was the limitation of this study, which acts as the basic data for further investigation. We also suggest further investigation is needed on gray level values, its determinants and accuracy among different CBCT machines.
